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A B S T R A C T

The effects of dietary supplementation of young broiler chickens with an organic selenium (Se) formula-
tion, B-Traxim Se, on experimental necrotic enteritis (NE) were studied. Chickens treated with three Se doses
(0.25, 0.50, 1.00 mg/kg) from hatch were orally challenged with Eimeria maxima at 14 days of age fol-
lowed by Clostridium perfringens to induce NE. Chickens fed with 0.50 mg/kg Se showed significantly
increased body weights and antibody levels against NetB, and significantly reduced gut lesions compared
with non-supplemented chickens. However, there were no significant differences in Eimeria oocyst shed-
ding between the Se-treated and non-supplemented groups. Levels of IL-1β, IL-6, IL-8, iNOS, LITAF, TNFSF15,
AvBD6, AvBD8, and AvBD13 transcripts were increased in the gut and spleen of at least one of the three
Se-treated groups compared with the non-treated group. These results suggest that dietary supplemen-
tation of young broilers with Se might be beneficial to reduce the negative consequence of NE.

© 2014 Published by Elsevier Ltd.

1. Introduction

Necrotic enteritis (NE) is a devastating enteric disease of poultry that
results in more than $2 billion economic losses through growth de-
pression, and high morbidity and mortality (Park et al., 2008;
Timbermont et al., 2011). NE is caused by the anaerobic bacterium Clos-
tridium perfringens, but it is difficult to experimentally reproduce the
disease with C. perfringens alone because of various risk factors in-
volved in the development of NE. Co-infection with Eimeria maxima
has been commonly associated with NE (Lee et al., 2011b). With the
emergence of antibiotic-resistant pathogens and increasing concerns
about chemical residues in poultry meat, many antibiotics which have
been traditionally used to prevent and control NE have been re-
stricted or banned. Therefore, there is an urgent need to develop
antibiotic alternative methods for reducing economic losses due to NE.
Several alternative approaches to antibiotics have been proposed to
reduce the negative consequences of NE in broilers, including prebiotics,

probiotics, functional feed additives (yeast products, organic acids, es-
sential oils, and phytonutrients), and vaccines against C. perfringens
toxins (Fernando et al., 2011; Geier et al., 2010; Jerzsele et al., 2012;
Lee et al., 2013; Lillehoj and Lee, 2012; Mot et al., 2013).

Selenium (Se) is an essential trace element that plays important
roles in immune function, health, and animal productivity (Yoon et al.,
2007). Sodium selenite and sodium selenate are the most common
inorganic Se sources used in livestock feeds (Yuan et al., 2012). In
prior studies, inorganic Se showed an anti-cryptosporidial effect
(Huang and Yang, 2002) and promoted protective immunity against
Eimeria tenella (Colnago et al., 1984). Recently, however, there has
been interest in organic Se sources, such as Se-enriched yeast and
selenomethionine. Organic Se generally shows higher efficacy and
bioavailability and less toxicity compared with inorganic Se (Briens
et al., 2013). A new organic Se formulation, B-Traxim Se (Pancosma
SA, Geneva, Switzerland), is formed by the incorporation of inor-
ganic Se into soybean protein, which is subsequently hydrolyzed to
form a commercial product specifically designed for animal feeding
(Pavlata et al., 2012). A previous study reported that breeder hens
fed B-Traxim Se showed high levels of Se in eggs and lower levels
of glutathione peroxidase in liver than those fed sodium selenite
(Leeson et al., 2008). The objective of the present study was to eval-
uate the effects of different levels of dietary B-Traxim Se in broilers
on host protective response against experimental NE using an E. max-
ima/C. perfringens co-infection model system (Park et al., 2008).
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2. Materials and methods

2.1. Experimental design

A schematic diagram of the experimental protocol is shown in
Fig. 1. One-day-old Ross broiler chickens (Longenecker’s Hatchery,
Elizabethtown, PA) were housed in Petersime starter brooder units
and provided with an antibiotic-free starter diet (Table 1) between
days 1 and 18 and a grower diet (Table 1) after day 18 until the end
of trial. Both basal diets include 0.10 mg Se/kg diet. Feed and water
were given ad libitum. Chickens were randomly divided into five
groups (15 chickens/group): uninfected control, infected and non-
supplemented control, and infected and supplemented groups with
0.25, 0.50, or 1.00 mg/kg of B-Traxim Se. All experimental proto-
cols were approved by the Institutional Animal Care and Use
Committee (IACUC) of the Beltsville Agricultural Research Center.

2.2. Experimental NE model

Chickens were reared in brooder pens in an Eimeria-free facil-
ity for 14 days post-hatch and then transferred into large hanging
cages (3 birds/cage) at a separate location where they were in-
fected and kept until the end of the experiment. At 14 days of age,
chickens were orally infected with E. maxima Beltsville strain 41A
(1.0 × 104 sporulated oocysts/bird), followed by C. perfringens strain
Del-1 (1.0 × 109 CFU/bird) at 18 days of age. To facilitate the devel-

opment of NE, the diet formulation was changed from the starter
diet to the grower diet after day 18.

2.3. Evaluation of body weight gain, lesion score,
and oocyst shedding

Body weight gains were measured between 0 and 6 days post-
infection with E. maxima. Intestinal lesion scores were evaluated at
6 days post-infection with E. maxima on a scale of 0 (none) to 4 (high)
in a blinded fashion by three independent observers as described
earlier (Prescott, 1979). Fecal oocysts were individually enumer-
ated between 6 and 10 days post-infection with E. maxima using a
McMaster chamber as described (Jang et al., 2010).

2.4. Determination of serum antibody levels against
C. perfringens toxins

Blood samples (4 birds/group) were collected by cardiac punc-
ture at 6 days post-infection with C. perfringens following euthanasia.
Sera were prepared by low speed centrifugation and serum anti-
bodies against α-toxin and NetB toxin were measured by enzyme-
linked immunosorbent assay (ELISA) as described (Lee et al., 2011c)
using recombinant C. perfringens α-toxin and NetB toxin expressed
in Escherichia coli as described (Lee et al., 2011a). Briefly, 96-well
microtiter plates were coated overnight with 1.0 μg/well of puri-
fied recombinant toxin proteins, washed with PBS containing 0.05%
Tween 20 (PBS-T), and blocked with PBS containing 1% BSA for 1 h
at room temperature. Diluted serum samples (1:20, 100 μl/well) were
added and incubated with gentle shaking for 2 h at room temper-
ature. The plates were washed with PBS-T and bound antibodies were
detected with peroxidase-conjugated rabbit anti-chicken IgG and
peroxidase-substrate (Sigma, St. Louis, MO). The optical density (OD)
at 450 nm was determined with an automated microtiter reader (Bio-
Rad, Richmond, CA). All samples were analyzed in quadruplicate.

2.5. Quantification of pro-inflammatory cytokines and AvBD
transcript levels

The levels of transcripts for pro-inflammatory cytokines and AvBD
were measured as described (Hong et al., 2006; Kim et al., 2008) by
quantitative RT-PCR. At 2 days post-infection with C. perfringens, the
spleen and jejunum located proximal to the Meckel’s diverticulum
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Fig. 1. Schematic outline of the experimental design.

Table 1
Ingredient and nutrition of the basal diets.a

Ingredientsb (g/kg) Starter diet
(days 0–18)

Grower diet
(days 18–24)

Crude protein 170.0 240.0
Carbohydrate 610.0 540.0
Selenium-free mineral and

vitamin mixture
150.0 150.0

Fat 47.0 47.0
Fiber 24.0 24.0
Seleniumc (mg/kg) 0.10 0.10

a Based on the producer’s declaration that B-Traxim Se contains 1.1% (wt/wt) Se
metal content, the basal diets were added to the B-Traxim Se (Pancosma S.A., Geneva)
to prepare the 0.25, 0.50, and 1.00 mg/kg Se supplemented diets by calculation.

b Data were from USDA/FeedMill, Beltsville, MD.
c The Se concentration was calculated.
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were collected from 4 chickens/group. The jejunums were cut lon-
gitudinally and washed three times with ice-cold Hanks’ balanced
salt solution (HBSS) containing 100 U/ml of penicillin and 100 μg/
ml of streptomycin (Sigma). The mucosal layer was carefully scraped
away using a surgical scalpel (Nunc, Thermo Fisher Scientific Inc.,
Roskilde, Denmark) and intraepithelial lymphocytes (IELs) were iso-
lated by density gradient centrifugation. Total RNA from intestine
and spleen was extracted using TRIzol (Invitrogen, Carlsbad, CA).
Five micrograms of total RNA were treated with 1.0 U of DNase I in
1.0 μl of 10 × reaction buffer (Sigma) for 15 min at room tempera-
ture, 1.0 μl of stop solution was added, and the mixture was heated
at 70 °C for 10 min. RNA was reverse-transcribed using the StrataScript
first-strand synthesis system (Stratagene, La Jolla, CA) according to
the manufacturer’s recommendations. Quantitative RT-PCR oligo-
nucleotide primers for IL-1β, IL-6, IL-8, TNFSF15, LITAF, iNOS, AvBD6,
AvBD 8, AvBD13, and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) as an internal control are listed in Table 2. Amplification
and detection were carried out using equivalent amounts of total
RNA with the Mx3000P system and Brilliant SYBR Green QPCR master
mix (Stratagene). Standard curves were generated using log10 diluted
standard RNA and the levels of individual transcripts were normal-
ized to those of GAPDH by the Q-gene program (Muller et al., 2002).
To normalize RNA levels between samples within an experiment,
the mean threshold cycle (Ct) values for the amplification products
were calculated by pooling values from all samples in that exper-
iment. Each sample was analyzed in triplicate.

2.6. Statistical analysis

All data expressed as the mean ± SD values were subjected to one-
way ANOVA using SPSS software (SPSS 15.0 for Windows, Chicago,
IL), and compared by the Duncan’s multiple range tests. Differ-
ences between means were considered statistically significant at
P < 0.05.

3. Results

3.1. Effect of dietary Se on body weight gain, lesion score, and
oocyst shedding

Chickens fed with 0.50 and 1.00 mg/kg Se showed significantly
(P < 0.05) increased body weight gain between 0 and 6 days

post-infection with E. maxima compared with the infected and
non-supplemented control group (Fig. 2A). As shown in Fig. 2B,
intestinal lesion scores were significantly reduced (P < 0.05) in the
0.25 and 0.50 mg/kg Se groups at 6 days post-infection with
E. maxima compared with the infected and non-supplemented
control group. No differences in fecal oocyst shedding were seen in
any of the experimental groups (Fig. 2C). As expected, the in-
fected control group showed depression, diarrhea, and reduced body
weigh gain compared with the uninfected control because of severe
intestinal lesion resulting from coinfection with E. maxima and
C. perfringens.

3.2. Effect of dietary Se on toxin specific serum antibody levels

At 6 days post-infection with C. perfringens, no differences in
serum antibody levels against α-toxin were seen in any of the ex-
perimental groups (Fig. 3A). However, serum antibody levels against
Net-B toxin were significantly increased (P < 0.05) in the 0.25 and
0.50 mg/kg Se groups compared with the infected and non-
supplemented control group (Fig. 3B).

3.3. Effect of dietary Se on pro-inflammatory cytokine
transcript levels

The levels of transcripts for IL-1β, IL-6, IL-8, LITAF, TNFSF15,
and iNOS in the intestine and spleen were significantly increased
(P < 0.05) in at least one of the three infected and Se-supplemented
groups compared with the infected and non-supplemented control
group (Fig. 4). In the case of intestinal IL-1β, IL-6, and IL-8 and splenic
IL-1β, IL-8, and LITAF, transcript levels were increased in all three
Se-supplemented groups compared with the non-supplemented con-
trols group, although a consistent dose–response effect was not
apparent for any of these transcripts.

3.4. Effect of dietary Se on AvBD transcript levels

The levels of transcripts for AvBD6, AvBD8, and AvBD13 in
the intestine and spleen were significantly increased (P < 0.05)
in at least one of the three infected and Se-supplemented
groups compared with the infected and non-supplemented

Table 2
Oligonucleotide primers used for quantitative RT-PCR.

RNA target Primer sequence PCR product
size (bp)

Accession No.

GAPDH F: 5′-GGTGGTGCTAAGCGTGTTAT-3′
R: 5′-ACCTCTGTCATCTCTCCACA-3′

264 NM_204305.1

IL-1β F: 5′-TGGGCATCAAGGGCTACA-3′
R: 5′-TCGGGTTGGTTGGTGATG-3′

244 NM_204524.1

IL-6 F: 5′-CAAGGTGACGGAGGAGGAC-3′
R: 5′-TGGCGAGGAGGGATTTCT-3′

254 NM_204628.1

IL-8 F: 5′-GGCTTGCTAGGGGAAATGA-3′
R: 5′-AGCTGACTCTGACTAGGAAACTGT-3′

200 NM_205498.1

iNOS F: 5′-TGGGTGGAAGCCGAAATA-3′
R: 5′-GTACCAGCCGTTGAAAGGAC-3′

241 U46504.1

LITAF F: 5′-TGTGTATGTGCAGCAACCCGTAGT-3′
R: 5′-GGCATTGCAATTTGGACAGAAGT-3′

229 AY765397.1

TNFSF15 F: 5′-CCTGAGTATTCCAGCAACGCA-3′
R: 5′-ATCCACCAGCTTGATGTCACTAAC-3′

292 NM_001024578.1

AvBD6 F: 5′-ATCCTTTACCTGCTGCTGTCTGT-3′
R: 5′-GAGGCCATTTGGTAGTTGC-3′

250 NM_001001193.1

AvBD8 F: 5′-TGTGGCTGTTGTGTTTTGT-3′
R: 5′-CTGCTTAGCTGGTCTGAGG-3′

267 NM_001001781.1

AvBD13 F: 5′-CATCGTTGTCATTCTCCTCCTC-3′
R: 5′-GGTGGAGAACCTGCAGCAGCG-3′

163 NM_001001780.1

F = forward primer, R = reverse primer.
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control group (Fig. 5). In the case of splenic AvBD8, transcript
levels were increased in all three Se-supplemented groups
compared with the non-supplemented controls group, and in the
case of intestinal AVBD13 transcripts, a dose–response effect was
evident.

4. Discussion

Se is an essential micronutrient that plays important roles in immune
function in humans and animals. Previous researches showed that Se
deficiency impaired the cellular and humoral immune function and Se
supplementation induced favorable effects on T cell responses and an-
tibody synthesis in chickens (Marsh et al., 1981; Peng et al., 2011a,
2011b, 2012). In the present study, broiler chickens fed with appro-
priate B-Traxim Se showed increased body weight gain, reduced
intestinal lesions, improved serum antibody to Net-B toxin, and up-
regulated transcript levels of IL-1β, IL-6, IL-8, LITAF, TNFSF15, iNOS,
AvBD6, AvBD8 and AvBD13 compared with the unsupplemented and
infected chickens using an experimental model of NE, which was con-
sistent with our previous study evaluating the effects of in ovo injection
with Se on immune and antioxidant responses during experimental NE
in commercial broilers (Lee et al., 2014). The immune protection from
Se supplementation might be attributable to improved intestinal phys-
iology allowing for greater nutrient absorption and enhanced immune
response against NE infection.

It is well known that Se may be toxic when supplemented
in excess of the biologically required levels. To ensure feed
safety, maximum Se levels in complete poultry feed have been set
at 0.5 mg/kg in the European Union (2004) and China (Ministry of
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Agriculture, 2010), and 2.0 mg/kg in the United States (AAFCO, 2011)
(Cai et al., 2012). In the current study the broiler chickens fed with
0.50 mg/kg B-Traxim Se showed the best protective effects. The pro-
tective effects of Se did not consistently increase proportionally with
the increased dose of supplemented Se between 0.25 and 1.00 mg/
kg possibly because the highest dose may be influenced by toxic
effects in this particular broiler group.

C. perfringens α-toxin and NetB toxin are major virulence factors
implicated in the pathogenesis of NE and are considered to be po-
tential vaccine candidates in chickens (Fernandes da Costa et al.,
2013; Jang et al., 2012; Sumners et al., 2012). The antibody levels
against α-toxin and NetB toxin may be relevant in protective host
immunity against C. perfringens (Lee et al., 2012). Our observa-
tions that serum antibody levels against these two toxins increased
in chickens supplemented with 0.25 and 0.50 mg/kg Se indicate a
beneficial effect of Se on humoral immunity in NE-inflicted broil-
ers. A similar relationship between Se levels and antibody responses
was reported in a previous study (Cai et al., 2012).

Pro-inflammatory cytokines and defensins represent impor-
tant components of innate immunity during the early phase of the
host response to pathogens (Ramasamy et al., 2012). The role of pro-
inflammatory cytokines in the host response during experimental
avian NE is well-established, although the role of AvBDs is less clear
(Lee et al., 2011b). However, up-regulation of AvBD expression was
associated with increased resistance of chickens to infection by Sal-
monella enterica, E. coli, and C. perfringens (Crhanova et al., 2011; Ferro
et al., 2004), and human defensins show parasiticidal activity against
Trypanosoma cruzi, Cryptosporidium parvum, and Toxoplasma gondii
(Carryn et al., 2012; Madison et al., 2007; Tanaka et al., 2010). Our
previous study showed that IL-1β, IL-6, IL-17F, TNFSF15, AvBD6,
AvBD8, and AvBD13 were all highly induced in broilers co-infected
model with E. maxima and C. perfringens (Hong et al., 2012), sug-
gesting that these effector molecules play a critical role in host
defense against NE. Based on the results of this study, we hypoth-

esize that dietary B-Traxim Se supplementation stimulates the
production of pro-inflammatory cytokines and AvBDs to exert direct
and indirect coccidiocidal and bactericidal effects against E. maxima
and C. perfringens. In this study the results that chickens supple-
mented with Se showed greater IL-1β, IL-6, IL-8, TNFSF15, LITAF,
iNOS, AvBD6, AvBD 8, and AvBD13 transcript levels compared with
the unsupplemented and infected chickens supported our hypoth-
esis. However, there was no consistent dose–response relationship
between increasing dietary Se concentration and the particular pa-
rameter measured, so it can be speculated that some additional
factors such as the relative kinetics of expression and activities of
the individual cytokines and AvBDs, the local availability of Se in
target tissues and organs may influence the observed outcomes.

In summary, the present study revealed that dietary supple-
mentation of young broilers with B-Traxim Se enhanced host
protection against experimental avian NE that was associated with
up-regulated expression of pro-inflammatory cytokines and AvBDs.
Further studies are required to identify the molecular and cellular
mechanisms through which this organic Se formulation enhances
resistance against this disease.
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